ARRANGEMENT FOR CO-PLANAR VERTICAL SURFACE MOUNTING OF 
SUBASSEMBLIES ON A MOTHER BOARD 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application Serial No. 
60/500,404, "Arrangement For Co-Planar Vertical Surface Mounting Of Subassemblies On A 
Mother Board", filed September 5, 2003. 

FIELD OF THE INVENTION 

This invention relates to subassemblies to facilitate vertically mounting electrical devices, 
such as subassembly printed circuit boards, to other electrical devices, such as printed circuit 
motherboards. 

BACKGROUND OF THE INVENTION 

Electronic systems are becoming faster, denser in the number of components, and 
increasingly complex. Increasing density typically requires greater current which, in turn, 
requires low resistance interconnection and effective heat dissipation. Higher speed and larger 
currents require low inductance. Increasing complexity often requires that subassembly boards 
be mounted and connected onto system boards ("motherboards"). The available space for 
subassemblies is often limited to narrow strips of board rather than large areas and this in turn 
limits the choice of subassembly package. Typically subassemblies are connected to system 
boards by conventional PTH (Plated Through Hole) technology. This technology involves 
connecting either a vertical or horizontal board to a system board by inserting pins protruding 
from the subassembly into holes in the system board. The pins are then soldered to secure the 
subassembly to the system board. Horizontal boards can be mounted to system board by 
standard SMT (Surface Mount Technology). This involves connecting gull wing leads, "J" leads 
or a solder ball (BGA) leads by SMT reflow. Vertical subassemblies are normally mounted by 
PTH technology. 

Both the subassemblies and the mother boards are typically printed circuit boards 
comprised of insulating substrates supporting patterns of conductive leads, mounting pads and 
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circuit components. Such assemblies are now quickly manufactured by a surface mount 
technology that can precisely place components on mounting pads and efficiently connect them 
by solder reflow. 

Surface mount assembly works well with small components. However subassemblies 
can be relatively large in area compared with individual components, and in connecting one 
printed circuit board (e.g. a subassembly board) to another (e.g. the mother board) can present 
issues of co-planarity. If the two printed circuit boards are not sufficiently co-planar, mounting 
pads may not touch and solder reflow will not connect. In addition, larger area devices typically 
require expensive specialized pick-and-place equipment to assemble on motherboards in high 
volume. 

Accordingly, there is a need for improved arrangements to vertically mount subassembly 
boards using surface mount technology. 

SUMMARY OF THE INVENTION 

The invention provides a subassembly to facilitate co-planar vertical surface mounting of 
subassembly boards. By "vertically mounting" is meant that a subassembly circuit board with a 
major surface is mounted perpendicular to the major surface of a circuit motherboard. In 
accordance with the invention, a subassembly for co-planar vertical surface mounting comprises 
a subassembly board coupled between a pair of base headers. Advantageously one base header 
comprises a plurality of mounting lugs secured to a transverse element in a co-planar 
configuration. The other base header conveniently comprises a plurality of connector pins 
secured to an elongated header element in co-planar configuration. The two headers interlock 
with the board to provide connection and co-planar support. A pickup cap attached at the board 
edge opposite the base permits pick-and-place positioning of the subassembly by conventional 
equipment without the need for special grippers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages, nature and various additional features of the invention will appear more 
fully upon consideration of the illustrative embodiments now to be described in detail in 
connection with the accompanying drawings. In the drawings: 
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Fig. 1 is a perspective view showing a system circuit board having subassembly circuit 
boards vertically connected to it; 

Fig. 2 is an exploded view showing the components of an exemplary subassembly; 

Figs. 3A and 3B illustrate arrangements for registering and coupling the headers with the 
assembly board; 

Fig. 4 shows an advantageous support lug; 

Figs. 5 and 6 illustrate advantageous pick up caps; and 

Fig. 7 presents three views of an advantageous connector pin. 

It is to be understood that these drawings are for purposes of illustrating the concepts of 
the invention and are not to scale. 

DETAILED DESCRIPTION 

Referring to the drawings, Fig. 1 is a perspective view of a connected circuit assembly 10 
comprising a first circuit device 11 having a generally planar major surface 12 and one or more 
(here two) vertically mounted subassemblies 13 having a subassembly board 14 major surfaces 
15 and edges 16. The first circuit device 1 1 can for example, be a system board (mother board). 
Each board device 11, 14 will typically comprise a printed circuit board having substantially 
planar major surfaces that bear mounting pads and adherent conductive leads (not shown) and a 
plurality of electrical components 17 such as integrated circuits, resistors, capacitors or 
inductors. The circuit boards are typically comprised of insulating PC boards that may include 
one or more internal conductive layers. 

If the subassembly board 14 were connected to the first circuit device 11 with the major 
surfaces parallel, the subassembly board 14 would occupy a relatively large area on the surface 
of device 11. Moreover, if the devices were printed circuit boards and were to be connected 
using conventional surface mount technology, co-planarity would be an issue, as mounting pads 
must be in contact for reliable connection by solder reflow. 
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Rather than connecting the devices with their major surfaces parallel, the present 
inventors contemplate that the subassembly board 14 will be connected with its major surface(s) 
perpendicular to the major surface of device 11, and they provide subassembly components to 
facilitate such perpendicular (vertical) connection compatible with surface mount fabrication of 
the assembly 10. Specifically, they provide the subassembly board 14 with a pair of base 
headers 18 A, 18B to permit vertical mounting and, conveniently, a pickup cap 19, to permit pick 
and place positioning of the subassembly. 

Fig. 2 is an exploded view showing the components of an advantageous embodiment of a 
subassembly 13 comprising subassembly board 14, a support base header 18 A, a multiple pin 
base header 18B and a pickup cap 19. 

With reference to the coordinate system shown in Fig. 2, board 14 has its major surfaces 
in the yz plane and it is contemplated that it will be vertically mounted on a motherboard having 
a major surface in the xy plane. The base headers 18 A, 18B are coupled to the board 14 along 
the edge adjacent the motherboard. The headers typically have a length along board 14 greater 
than their transverse dimension perpendicular to the board, e.g. the header y dimension is 
typically greater than the x dimension and typically co-extensive with the subassembly board 
edge. 

The base header 18A advantageously comprises a plurality of metal support lugs 180 
(better shown in Fig. 4) each having a pair of protruding support arms 181. The lugs are attached 
to a longitudinal element 182 A in co-planar relationship, e.g. the bottom surfaces of each lug 180 
will be co-planar with the motherboard surface on the xy plane. The attachment is 
advantageously achieved by molding the lugs 180 into a polymer element 182 A. The arms 181 
conveniently support board 14. 

The base header 18B advantageously comprises a plurality of metal connector pins 183 
(better shown in Fig. 7). Advantageously each connector pin 183 comprises a short conductive 
metal rod 71 having a bent configuration defining a bottom contact surface 72 for contacting the 
board 1 1 and a lateral contact surface 73 perpendicular to surface 72 for contacting subassembly 
board 14. An intermediate bend 74 facilitates attachment to element 182B. The pins are 
attached to a longitudinal element 182B in co-planar relationship. The bottom surfaces 72 of the 



pins are advantageously co-planar on the xy plane. Here also the attachment is conveniently 
achieved by molding into a polymer element 182B. Alternatively the second base header 18B 
can include lugs 180 and be similar to header 18 A. 

The base headers 18A and 18B are adapted for coupling onto boards 11 and 14. 
Advantageously the headers are manufactured with protruding regions 184A, 184B (pips) 
projecting toward the board 14 in registration with correspondingly dimensioned receiving 
apertures 141 in the board. The pips are inserted into the apertures 141 when the header is 
placed on the subassembly, and the pips act as locators for the headers in relation to the other 
header placed on the opposite side of the subassembly as illustrated in Fig. 3 A, if the projecting 
pips 184A, 1 84B are vertically displaced (in the z direction). 

Alternatively, as illustrated in Fig. 3B, one header, e.g. 18 A, could have a set of 
protruding pips 184A and the other header could have a set of receiving sockets 185 
dimensioned and registered for receiving pips 184A. The male header 18A could then be placed 
onto the subassembly board 14 and reflowed. The female header could then be placed onto the 
subassembly with the socket section interlocking with the male section, ensuring co-planarity 
between the two headers. 

Fig. 4 is an enlarged perspective view of an advantageous metal support lug 180 useful 
for vertically connecting the subassembly to the motherboard. The lug 180 is composed of a 
conductive body comprising a base section 40 and a transverse section 41. 

The base section 40 can be a sheet of conductive material that is essentially planar in the 
xy-plane. The transverse section 41 is essentially planar in the yz plane perpendicular to the base 
section. The base section 40 advantageously has a width W in the y-direction greater than the 
extent w of the transverse section in the y-direction so that one or more arm portions 181 of the 
base section extend beyond the transverse section in the x-dimension. Thus the base section 
advantageously extends beyond the transverse section in front, behind (via arms 181) and on 
both sides, providing the transverse section with a firm foundation for mounting. 

The lug 180 can be readily fabricated from a rectangular sheet of conductive material 
such as copper or copper alloy. A pair of cuts in the sheet separate the portion to become the 
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transverse section 41 from the arms 181, and the transverse section can then be bent 
perpendicular to the sheet, leaving the remainder of the sheet as the base section 40. The 
resulting connector has arms 181 extending beyond the transverse section by a length that, in this 
instance, equals the height of the transverse section. 

The connector is preferably provided with solderable surfaces for soldering onto system 
board mounting pads (not shown). Copper alloys such as phosphor bronze, beryllium copper or 
brass are advantageously plated with a thin layer of copper, nickel or gold, followed by solder, to 
enhance solderability. 

The large form factors of the base and transverse sections provide paths with low 
inductance and low electrical and thermal resistance. Making the sections relatively thin with 
relatively large areas minimizes inductance and resistance. 

Fig. 5 illustrates an optional pick up cap useful in surface mounting the subassembly 
board. To ensure the assembly can be picked and placed by conventional equipment without the 
need for special grippers, a pick up cap 19 can be placed on the subassembly. The main surface 
area 50 of the cap 19 is horizontal to the subassembly when the cap is placed into position. The 
cap 19 provides a sufficient surface area to permit the board 14 subassembly to be picked up and 
placed by conventional vacuum nozzle means. Vertical arms 51 can be used to attach the cap 19 
to board 14. The cap 19 can be formed from any metal or alloy such as copper or brass. It can 
be plated with a surface finish that is conducive with reflow soldering. The cap 19 can be 
formed in such a way that it can be picked from tape and reel or trays and placed onto the 
subassembly. The cap is then secured on the subassembly as by the reflow process. 

In an alternative embodiment shown in Fig. 6 the cap can be molded from a plastic 
compound. The compound should be of sufficiently high enough grade material to withstand the 
temperature extremes associated with reflowing surface mount devices. The cap 19 would have 
its main surface area 60 horizontal to the subassembly and provide sufficient surface area to pick 
and place the subassembly. The cap can also comprise a number of legs 61 that protrude 
perpendicular to the main pick up surface. The legs can be shaped at the ends so that they clip 
into a hole in the subassembly board 14. The legs are advantageously tapered at the ends to 
assist in the assembly of the cap and to avoid damage or stress during assembly. Each leg can 
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have a lip 62 which acts as a grip when inserted into the hole in the assembly. The grip secures 
the cap in the place and prevents it from lifting off when the subassembly is being picked. 

The combination of board, headers and cap are assembled into a subassembly which 
provides the means by which to pick and place the subassembly onto a system board with 
conventional pick and place equipment. The cap 19 provides the pick up point and the pins and 
lug headers or any combination of both provide a surface mountable, co-planar platform to place 
onto a system board. To further facilitate fabrication the vertical device can be placed on Tape 
and Reel equipment common in the electronics industry. 

It is understood that the above-described embodiments are illustrative of only a few of the 
many possible specific embodiments, which can represent applications of the invention. 
Numerous and varied other arrangements can be made by those skilled in the art without 
departing from the spirit and scope of the invention. 



